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An £>.1ectxo<le device I'or tcctrlcat 1/ htifttinf: midei^grouud 
deposits o£ hydrocArbons such as oil Aaxitl or oil &bHlo. PJxiral 
v/ell pipe sections are Joined through >.nr.ulrite<t pipe joints with 
an Ci3ctt.rodc connect ted throuKli one u£ tht; iii.sai3at.Ed pipe jf>xntF 
*i to a loycT out of the? pipe sectioTis. Each of the insulated pipt> 
joints a fir^t tnbul.RT meniber hav.ing a flange portion 

At Due ftnd Uir^TKof> p r.econJ tubular member havinst a c^&p pi^rtioa 
git o?^e end ivhich is recreivcd in the fJatigt) portion of the first 
tubular member Kith a gap therebetween, and an insulating jaembor' 
10 ^iiipoiJCid in th^ gPP for hermetically coupll»j the fxr^t 'and 
second tubular inembers and for aXtxLt-ticttXXy ipi^ulating first 
and 5e-coniJ tubuler TnambtsTs f.xom on 9 another. 



BLi-CTROClE DEVICE FOR KLKCTRICALLY HEATING 
UWDliUGSiDlJl^D DEPOSITS OF HYDKO<:AnBOKS 

BACJCGR()lT^fD OF miL IKVENTION 
I'hB preseifit iriVoDtioiv relates to aa electric device 
used to electriiiilly heac uni5orgtDxmd deposits of. hydro c a^b o jj s , 
More specif Icall/, the pr^^eut invention relates t<] an electrode 
5 device vMch is used to supply eloctrlcal poKer to u.-n undeyground 
deposit thereby to heat the hydTccarboas pres^^nt lii the depb^it 
to cause them to have a Itqnc^r viscosity and Mj^Jier fluidity in order 
to mora easily remove" thera from the velJ . 

ThD terni hydro carbuTis" as used 3iereini:ft?T means 
10 • petroleum or oil, bitumen coxitainad iix oil saxid (also called 

"tar saiid^') and keragen contained in oil ^hale. These '^ili all 
ba referred tcj *'oil" for simplicity. 

rf the oil in the tin tier ground deposit Has sufficient 
fluidity, it is possible to extract the oil through the 
15 either by ^as pressure coexisting io tbe oil layer or by fqrcing 
a liquid such as brine into oth» well to forco th^ ^ii to flow 
out of another veil. ]3otfe3Vsr, should the undorgrcmnd oil havo 
low fluidity, it cannot be e:i:tracteil until the oil is made mora 
fluid. A {general method of m^^ktng the oil fluid is to heat tho 
oil thereby to lower the viscosity of the oil. The temptrature 
suitable for this is different for different tyy^.^ of oil. 

There have hcen proposed as oi^ layer heating methods 
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the injection of hot v&ter or vater vapors at a high temperature 
under a high pressure, suppiyin;3 electrical powtr to the 
underground deposit, UDclerground combustion in which the under- 
ground oil layer is ignited vith & supply of air 5d that it may 
5 be burned, and the jise of e;q)lD5i%'e5. The last two methods are 
difficult to cQutPDl. so that thoy ^tb pot in gQ-nornl 'usd. 

According to the method of injecting the hot water or 
water vapor a.t a high temperaturo and under a high pressure, 
the oil layer heated to enhance the fluidity of thfi oil t6 

10 " cause the fluid oil to flow out to the ground surface. If, how- 
ever, sojne Tesioj:)s of the oil deposit have a low T^aistflncQ to - 
the floK of hot vater or v^ater vapors or there are roids in the 
oil layoTp thp v^'ater ox vapors may collect In these regions iind 
fail to diffuse throughout the ifhole layer. fJoreover, if th« 

15 oil layer is solid and dense ^ the hot TcateT or itis vapors will 
again not diff-use io that the oil layer cannot be heated- 
Heating by the supply of electrical pow'&r is perfumed 
by dtilliug A plurality of wolls in the oil layer and hy establish 
ing potential dif fereTicejv b&twe^n elBctrDdas dispost^d in the 

20 wells 50 that the oil layer is heated by it^ T^^iistanii^ to the 
electrical current which floTVS therethrough. ThiiS tochnique is 
advantageous in that the oil layer can be vholly h^atad v;ith ease 
even if it has voids or is solid and dense. Hor^ever, another 
device is required for pumpixij up.: the fluid oil, 

25 For improving the oil producing off leniency* there has 
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furthfcM' b€en propos&d a piisthod which includes a first ste-p of 
beating the oil l;i)'Dr by slectricaL vts^i^tfiwc^ heating and a step 
of in j acting hot w^ter or T^aier vapoTii at a high teinperaLurc ^inrf 
yndyr a high pressDro when ths qU layer becojues ^nft whilp con- 

£ timiihg the heaticTg sd that the resultant fluid ail tn^ty pumped 
DUt. In ordea' e?£f icientl/ heat the oil layer » thD ?lBctToOe 
device must he stif f iiiicnti/ electrically Insulated thut th^ leak- 
age of ettctxlcHlly curreat into uader^frtiund port ions otK&r than 
the oil la/sx in nvolded as much as possible. I'ha Blectrotte cle- 

10 vic:c> sl50 required to be acihrcziktthle witli v<?sp^ct to the under- 
ground 50 ii pre5SLire, the pressure of tht* va-por^ which gener- 
ated by the heating opcriition, and the pressure of injecL-ed hot 
I'/ater or hot hiijh pr&ssure water vapors. The electrode dovic« 
Is further TequirecE to be free from laakago hot water or hot 
high pressure w^tcr vapors . 

Til isrd&r to ©3?plain, the electrode (Jevice of this grDiicraX 
type more fully, an example in wJilcli the oil is DXtractad froTn 
oil &»3iid! will bfi described. 

Oil sand, also called "tar sand", is pTe$&At in le-vg^ 

20 quant itie.5 in Canada^ Venezuela and the United Stat&s. 

The oil in the oil sand is typically jiilx&d with brine between ' 
sands in deposits, Moreoverj it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially <ixposed in a valley or at the bank5 of 
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t A river but most of ton locEitccl out: i'r fily uiiderijX'onti^l at l) 

dcsptb of 200 to 500 ICS wbJ.l.R having a tfiicknciss of iiKVora.X te^ne 
o£. meters., (Juts to cionEilflftratJLDa of f^conojuy &[id wviroiuaifi![itAT pvo- 
U£>Cl:ioii, it i£; n<^C«BBBtry to 6C>^rate out tho oil umler^T-ouTid and 
to ©s'tract only th& oil from the woll. Itoreoyor, sincB the 
extr^ictioii of ol3, frojn ei aiiallow unflergroand layer- Ijs Af?coKipnnica 
by a <iarL3er of &tfbst<3enoe^, ir. is; <leE;5ratiIe tu extract oil only 
from undeijcground laycro Jyintp £3e(>pcr than :5l}0 ju. 

Furl:her aspects of the hatikyrrounii d± the? Invention iiM 
10 tho .Invention O.f thii present aliplicraf.iou Ate fl^^Kcribed wjllh 
the a & si stance of the accompanying dr awing k iJ^* whJ-cht 

Vj.cj* 1 ia it ficSiemiitiG st^ctiojiai view show>.Jici a 
corjverxt;i.DnGl prior art instnli^tbion of the <5e\^eral type vi-ith 
which the a.nv^wtiors is ut:liisiect? 

Ifig* 2 is i\ trross-spctional. view of an ineulato<3 pipe 
:^oint of thB invention; 

jPig^ 3 is a oross" sectional Vie^ showxii^ sworal :]oinEd 
pipe. BQction£>, an ©leOtJ^odfi and insula f-ed pipe jotnt^s in siccorclance 
vith tJie iiivention; and 
20 Pig^. 4-7 are a scries of cross- sec tionistl vloxvs 

iXlustrAtincr tha use ot ii-seulating coatingii in acoordartCO wi<;h 
the iiwdmtion- 

Fig. 1 iil;i£it:xatQi5 tho' heatin^r OJC 5tn oil sand layer. 
l?y BlQCtxodeB couplad to a i^owcr supply. In ?ig. 1, rof&reticB 
x^m-ft^iralB 1 hnd, IX indicate main guide pipefi mado of stettl,r 2 
arid- 12 inclicats insul&tuns ^oine^ to tlic main ^ide pip&5 1 and 

11, and 13 .indicate clectrodei^ joined to thct in&vlatore 2 and 

12, psi'forationa forxoBd in th^ electrodes 3 i^nd 13, atid 4 aidd 
14 ioaioatct caS>Xes for feeding an electric: crurjj^nt to the eX^- 
ctrodiSis 3 ai^d 13. This assembly ia hsreinaftfir called tog&thor t}ie 
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'■olccf-roc^e RcferepcrR nucnGrai 5 in^icatos a power 

aourcc, 6 iTX<^xcatf^8 .^n oil Scinfl Iny^r r 7 in^iCDtL>:3 mi oltiCtlMc 
currtiilt nawi.nc| between the ele.r.trod&s 3 And B indiciatCD t 

gromicS Burfurxi, S in<5iCBteB an OVOXbVITa«?u layer., and 10 in- 
dicrate^i a layer beXow the nil seiijCI layer, 

When a voltaic is a^pii.ed to tho el.actrodci; 3 and 
13 which o^rG buripa iii the oil RaACi layar 6 from t]to power 
BOxircB 5 throucjti tha cablci; 4 and 1<1, tho ourrf^nt 7 floVJO li> 
accoKflanc-e ^itb the eT<?ctric: ro-O f Ufince of the oil aaad Layer 
6 its a result ' 
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of which the oil sand layer 6 U heated by Joule resistaoctj 
heating. Although, the current 7 paitially flows into CHd over- 
lurd.n lay^r 9 and the l.yer 10. the l^aknj;* is maintained at a 
low level because the insulators 2 and 12 are iHterposed Ictween 
£ the main suido pipes 1 and 11 and tha electrodes i and js. After 
the oil sand layer 6 has bee^i warmed, tlie power supply is inter- 
rupted. Hot water or water vapors at a high tesiperatuvE under 
^ a high pressi^re are thci, forced fron, the upp«r ixHef of fint m,.in 
guide pipe 1 of the electrode device and flow throush tiie oil 
10 sand layer 6 until they come out o£ tie other main guide pipe • 
21 carrying the oil, Td order to improvo the flow rates of the 
hot -h'atetr or the hot pressu?& water vapors, perforations are 
farmed in the electrodes S and 13. 

b5iuce the upper portions of the insulators 2 and 12 
IS are connectipd to the main guide piiJes 1 and 11 and the lo^'er 
portions are connected with tha electrodi-s l and 13, a down- 
ward ten.sile stress is always applied to the insulators. Mote- 
over, since the nii.seiably can be at a tcnipcrature as hisfh as 
250' c to 300'C, the insulHtorH should bci ahi.e to withstand such 
20 tempi^ratures. Also, since thu insulators 2 and 12 are buried 

undflrgTound as deep as several hundred jiaters with the electrodes 
S and 13 suspended from their lower ends Kith the upper ends 
thuvsof coonectcrf to the main suiOe pipes Z and 12, the insulators 
2 and 12 will almost certainly contact or collide wLtK the well 
25 walls vhilu they are lowftxed into the well. Because of the 
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gT£3^t total wi^ht, An/ islx^ht contact will iiiipose a hi^h sni^chi- 
nical impact upon the insulators 2 and 12, There i'orB,. the 
insulators 2 aad 12 ^iTt: roqulred to be nble to rflthsland anticiyatod 
Levels of mochanical iiRpact. 

5 In an ei&cirotle device which heats an oil sand Isyer 

•when it is suy][)iii5d ^eith &n electric current, a ja^ijor problem is 
thac the olcctric resistance in the oil sand layer is approxijiiately 
equal to the overburden layer. Since Lhfcse tlectric reels tajices 
differ depending on place and conditions, thc>' camioL tjcncxail/ 
be precisely stated. Hawovcrj avorag© valu-B^i are ItJDO^m For 
Che oil :&and layor and lii^)-150*i-in Tor th^ overburden l^yer. As a 
r<i5ult, if an electric current is supplied* to t^fo electrode Uevice^ 
tfh:ich ^r0 constructed by zoTyn^cting plectrodes to guidi? pipes m&-d^ 
of steel pipes and by disposing those electrodes in the oil sand 

15 layer, T^iQiit of the c;irriinf will He consumod in the aYCrburdcrt 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes vith an insulating coating 
or Lo Insiilatfi the electrodes from the av^Ul^ pi-pes. 

Vnrioui attempts have been made to provide insulators 

20 wKich satisfy the aforenxe tnloiied requirements. lr\ one 5uch 
ftttomjfjt, flaiij^cd tubular ifismbers made of mental axs coatod with 
axgaiiic vesin whicli provides a high resi&tanu-y tg heat* An 
apprgpriate material is polytetraf luoroethyl^^nej r^fiin (fox example 
'^Teflan™" Khlch is trsidc name of du Pont). ■ Vith this 

25 tionstrucuion, insulating momboxsi tire provided ifhicb are 

satisfactory in theix ability to withstand a ^usipcndin^- load 
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fljiti mechanical impact fortes, Ho^rover, itlm-s proved quite diff-i- 
cuLt to coat the flaTi^.a pDTfi[>n3 satisfactory wHh the insulat- 
ing Qiaterial. W^n^over, even if sat.l.sfeictoTy insulatiiijf. char- 
acrevisticf* are prcivided at ct>om torupcxatyre^ the lil^ulatiTig 
tioating has a tcnd&ncy to sei>arAta, esp^ci^lly aroiicid tho flange 
portions, dye? to repeated th<i!Ti7iaI expansion ajid coTi.tra;:tion 
such a.'j is typically Dutoi^ntered in normal opcT^itiTig cojiditlou^. 
If th^ Insulation coating is brolcon nr cavs^d to flaUc off, the 
insulators thnii produced become useless, 

Tn second attampt^ porc&laln inatoiial has been used 
for formiig the insnlatoTS . HowevDr, It i5 c^l&o Titct^ssiiy iii 
Cpn&tructiufi the Sn^nlators to take Auto account the roquitement 
for providin^f water and oil tdj^ht character is tics ivdth respect 
to the connection ijetwecTi the main guitle pipes 1 and I.l and tb* 
alDLtTpdes 5 ani} IS as t^'eXl as between the itvs^ilstiug member. 
ThD connection has generally b^en m<le by shrink fitting metal 
pip*j,s on the outer peclphetr^l surface of tht* porcelain pipe ancl 
then connected with otKer metal pipes oi^diflStry techniques iiucb 
as welding or dttachment with ha'ixs. V/ith this constriJction, 
although tho wall or oil tij$ht characteristics may bs aircepteble 
at room temperature^ the strength pf the shrink- fitted joints 
rends to drop as the tempoTAtuTe Is increased .^q that the abi- 
lity to suppoTt thffi suspended load is correspondingly lowtsred, 
XtorcoyBT , breakage of the poicelain may taken place as a result 
of the stress amposed upon tbo le^ading end portions o£ the ^hrinl;- 



fitted areas. order to eliminate such dravfjack^, there has 
been proposiid t)iy use of a porcelain pLjie hjiving ends form&d 
as f 3 Huge portions with the flangs part ions fastened to jiictul 
ripes with pAckinK^^ ii^t^TpoFed between tho cDTit.act sprfacijp. 
5 With thi^i L-oTiKtructioiu the abovc-st^itcd requirements 3 re met 
room temperAture. However, the watei and oil ti^bt scaling 
tends liD dctcTEorate upon repeated tlscriiial Dxpansicjn find con- 
trjactlon. Moreover^ porcelain -intriTisiccilly lacks ?^tref^gth . 
against mechanictH impact farces. Thus, it has a high tcndDnny 

10 to be broken by it macb^TiTC&l impact force SLjch as i.s oTdinarriy 
encountered t^fhilc tho. a5?jembly is lowered thrcu^th thB well. 
Thus, thu j>rov^3AiG7i of a porcelain insulator sufftsrii from the 
unavoidab^o defect that there is a high totideT^cy of bTealtage. 

V^t further, insulators foimod of organic polymeric 

IS compounds have been proposed. Although ?uch compounds may have 
^ high strength at room temperature; And a.T^ quite good electrical 
insulators, niost of tlie compounds of this general class are not 
particularly heat resistant. Spaci tally, very f^^f cofftpounds 
of this, type arc Xuuvfn which are resistant to hot watci or ^^atbr 
vapor tit high temperature and under high pressure. 
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SU>mRY OF rim N TIOJJ 
In accor(3ajiLc wivh tim inv^ntii^n, there i^^ pzowided 
5n clGctrodc d&vico iav ^i^QXvic^Hy heating unaexgrouxxJ deposit? 
of hydrocarbons inclutiing a pLurallt./ of well pipe sections > 
5 an electrode adapted to be disposed in an un6ergri)und cieposit 

cjf hydrocarbons f.or supplying on electric curr&nt to tlie under- 
^romiJ deposits, a pluraliLf of iri^^ulntinjj pipe ji>ints gkcH 
including n fix^x tcibular m^Tiibcr having a flaxvgo paxtion dt une 
thereof, a second tubular member having a cop portion 3t 
XO one end thereof adapted to be rcciiiv<Ml in tlic flangij portion 

of the fir&t ttiHular mgmbqT with a gap thexebe^tvxe^n and an lti- 
sulatin^ mc^Tnb&r disposed tlie gap bet^veen the flange portion 
and the cap portion for liermeticaily coupling the first and 
setond tubular laembers while al&ctrically iasulatiiig thesn froin 
IB one another And with the insulsitinf: pip^ >ointj; b&\i5g iisDct to 

couple at T.east some of the pipe ^©ctinns together arid the e.Tec' 
tTode to ane of the pipB iiectioTis, and a cable conTiected tP the 
electrode for supplying an electric current thereto. 

At least somu of the iniiulatin^ pipe jointis can bo 
ZO interconnected, flic insulating jnember of each of the insulated 
pipe joints includes a first Insulating portion disposed in t^ie 
gap btitufecn tho flange pOrtiOD in the tap portion and second 
insulating portions di^pos^d aajacent inner snd outer surfaces 
of the tubular mombDrs ^tfith the first and second iji&alatlng por- 
25 tioTis being foriaeii integrally with each other- Preferably, the 
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1 inuulatiiig ji\Rmber oi RLinh of thfi in&uLattid pipe .j^-i-i^ta ii; JBtidii 
oj; a glase-jfnica molding .Corjiiod r:rom v?owtlu;rG of and wjca. 

An in»ulatincj coatincf may be provided on nt leafet a portion of 
the owtox^ L^axH^xcii^ of tb^^ iniiulat*?^ pipe: joirttf;. rrhi.s coAt'Sp.g 
TftRy be a tGisin of polyt<3txafIuaroufc5Lylctia , a resit) of <3\pljenyl 
oxidti. >loreovH2x, a protective J-uyex of insulation can be 
i>royi^3ed arovrKl at leajjl. a portion of th^, iriBiilati-ng ci>Eitirig^ 
I'he protepUives 3.ay«:r may be an iricxpon^tvc rnaOeriaX suoU a?? 
polyothylciio^ poiyproyylenti or poly\''inyl chloridei, 

10 Further ob;)ect.^ and a^^v^nV-agee of the irxvTention will 

appDfir froio the follot^ing description taken together: with the 
iiccJompan ied drawijijB. 

In accordtimcra with the inveihtion, thCiro iG provicied 
an Bleutrical heating Blsctxo(3e device which is entirely froca oL 
the: abave-raeni'-ioaafT ara^rfbacXs * -A p^referxed erobodiinent o£ 
the Gtltictrodo dcvico oJ: the inverttion will be describerl in a^stail^ 
t'iXBt with rtifc^rtince to Ficf. 2 vhiuii shoe's a t^roES-cccfcional 
view of an insultttotl pi£>i5 joint Sti whiuh iif Utili2ed with the; 
Blectxodfi diivicD of the iuv^xition. 

The pipe joint. gosioXAlly dosignatcO 21 In Figure 2 
COVTiprlse^S foux basic alernentaj 

a flr&t tubular iriember 27 1 a &ecoKid t^lbular marabar 33, 
a oylindxlcai sltiev6-liJc& oovsr nnsmbar 29, and an insulating 

'i^he first tubular iTtOAibcsx 22 cojtiprlsfcc a cylindrical 
tubular pc^ruion 23 with a radially outwardly cxtciidincf fiaftgc> 
portion 2A at a LuwtSX 6iicS shown. 

The coconci tubular ntemba:!: ?3 compxiBfiU a cylindxical 
tubular portion 30 with a rudi^iiiy outwardly extc^ndincf hub portion 
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I 25 at an upi>Rr ^0 :>iiOwri. The iiito.rior diametor of tubular 
portion 30 of th^ feL>concl twf>uii.;5r 2iK53iLt)<?x eho\:n idavitlcal 

to tht> interior c^iameter of Lubular portion 23 of the -fi.rsu 

Hub porti.on Zf/ of the. 2nd tubulfxr TTieinbcr 33 i& proviaeit 
with an inUftrrbal ai uvular recess ei& iihown. Huh portion 2S 
is also provided with external thread b 22 which mate with 
threads 29 .on cover member 29 i'o be- desoribod, 

^Jlceve-likc cover membor 23 coiiiprisea a cylinaricotl, 
10 Uubulftr, drum-like portion 26 with interr-al threads. 28 &t one. 

loV(ir and as abown in Figure 2 and a rAdiaI3y ipv^nrdly &xtep«5ing 
OAp i>Drtion 27 at th& other wpper end, A3 shovm/ t^ibular portloM 
26 ha/; a larger iuttimzil diz^metBr that the external diameter 
of flango portion 24 of the JExret t^ibular jnerober 22 bo ae to 
provide ^ gr^^p theirebetween Lo be oocupled by insulating mernbcr 
35, cap portion 27 of cover mcitaber 23 hfis an in tern a 1 di^m^ter 
larger than the e:^ternal c3iasneter of tubular portion 23 of the 
Jirs-fc tubulitr inember 22 so as to form a t/ap thcrebct.wi:r6^xi. The in- 
ternal diameter of cap pOrtioia 27 is sjaallex thun the external 
20 di zmetBr of £laTj<aC) por tioii 24 of the first tabular ificmbcr 22 . 

I^reierably the iir^t tutelar jq&mber 22, second tubular 
mc^rabor 33 and cover xmzahor 2& are i«ado .from steel. 

Insulating membe): 55 includes an, on.Uex .circvTnf erentlally 
insulAtin<^ portion 36 which su.r^rounds! external euriaces ot 
tubular portion 2? of firat tubular meiRber 22 and an inner cir- 
cs umfe re; nti ally Infiulatiug portion 37 which fits Inside the internal 
annular recesa 31 of hub portion is of the. Bscond tubular member 
33. The innsr insulating portion J7 hasi the* same internal 
diaineter as that ot tubular pod: t ion 30 of the Reoond tubular joeiober 
3^ 33, Ab laay be Bfeen, insulating jm&mb&r 35 comprl£;6S an integral 
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m:n)bi£>r c-xtanding tram portion 36 tbercof to portion 37 thexeoi:, 
integrEil insulating iTiRmJ>*yf: thus spnces surfnucs ol' Itie: tiryt 
t:ul3u:iAr ineiuber from aurfac^f^Fi of BecOnd tubular mcrabfii: 33 an<l 
cover mi^mbcr 29 by a giip o<ioiipiod as seen i'igurf? 2 hy insula tiny 
membe:r 33, Insulating mp.Tnber .15 inEulatiia first tubulftx ni^raber 
2?! frajtl contact Wit)i JiocjOjid tubular mcTnber 33 pnrl rroyex ineiiibei: 

(^''itb covax Ffternbei: 2<) acre^/ed dorwn onto ytiuond tubular 
membfex 33 as aliOwu in Figure 2, JClan^ro portion 24 of firat t\3bulDr 
member encased by insvlat3.n5 memJbex 35 is s^*iidwi checl between 
oovfcr iftojobcr ?3 am? the ugTper end of hub pDjrtion 25 of- the 
scioond tubulais: inoi^ibeir 3a, whereby j.nsuJating membBi- 35 wsy form 

hciriiiatic ijcal botwecm firDt tubular menO^ex 22 and second tubular 
TocTrtber :>3, 

By i;crew.lrtcf cover mesnber 29 onto. sEcond tubular 
tneiijber 33 ^ first tvbulcii; iriEinibor 22 may ho firmlxi sealably coupiod 
to fiCCODd tubular member 33 yet iftsuletively isol^tf;^. L-.ne.refrcmi. 

In £tes£imbly, Eirst tubuXar portn-on Z2 ^ay isifcc-frtod 
thrbiagrh wver mEinbEx 29 follo^^ijtt] which covex member 2p ntay be 
screwed OMO eecf>x7d tubular portion 33. The ijnsulai^ix:ig member 
35 Kiay bB s&&n to occupy a cyap between the fiarst tubular racrabcr 
22 and the cofabittatiOJ> of the second tXibulai: meinbsr 3 3 and OOVOK- 
ifiember 29. 

Pioferftbly, thft entire insulating member is inftd& of 
a oonYpnaition o£ glajpfc; dfid Aiioa and is formed hy a mt^idintj pro- 
ecas, Tho ijiBPlating amejab^r ifi JCorinod by hoalilTigc a mixture of 
powcSers ol gl^]lsa and mica to a sufficiently high tempiirature 
that tho mixture beonmeB fluid. Once the Mixture x<ri ^luid, it 
if* preasuETCJ ifloldcd U&S.ng a mp.ld of approj^riata S;hApo. The J:oJ7- 
matlon of the insulijitinij member 3i> V7ill hp. deacirbed In more 
detaiJ., 



Tho fnrBi: Irnbvlar Hienihor 22 Cind tll« Becoiid tubulijr 
aieidber 33 ai-E ftESCJftbitid to be pocitiottec^ as showii x\\ Pig. 2 £ina 
Axe. then he:ateid to a pxedctorAti nod tUTOi-^erature . ThO two t^bn'tar 
niGmburfe at the oXovM-i-M Irempexature ntc; f. it tod into a 
Ke^Kt/ 3 miTtture of glass atid TTiiCft povcifirR is prei'iarcd by ppe^ 
/rtoldiiig the Kiixtur^ into U^ie ±avm of a preiiraJLnetry molded ^iieuib^jr 
of a cyJ.indrical Bhap« which wiii ±it in thn gay bL'twcon the 
tvibulAr portion 23 of tbo first tubular iivemljor 2 2 arid cover mejiiber 
2!>. The prcliToirijiry inoldad jtiEmber is heftte^ to a predtotcxtftined 
tenLperatkire txnd fittad in the c^ap in a heeito^ cop^ition. U&xt, 
a preejiure is aijplied to the pr&liniinary molded wombcr bafove 
it coo It; to force tbev material o£ the uiij^iribCM' to i'lov/ into Ohe 
gap betwBEii thB firiJt eiiid se-conti fcuhul-ar itiemboxs Fsnd into the 
irjterna.l annular receipt; 31 iiL tho seccind tubular inoiober 33. 

ror the mat-erial of the preliminary tnolded mornbor, 
45 VI gl*iBB pot«9er prepared by imlveriKing a giajie xseed for 
^nattisl coa-bing j&teel objectfl^ coociQxcially Available 'eis Product; 
l^o. 2312 of Kippon T^xxcif ?jtd., to ci sl se of 2ao mesh mixed with 
55 wtft of mica pcwdex of eyi^tbetic phlogopoite of a Biz& of 
SO to 200 meah* 5 wtS of water is added to the rre^ialtant roixtara 
to. it .it can be moldod. i&OO gtn of the v^&ttCid mixture 
ie joolded ufeln9 a. oold preaaure moldiii^ pTOCeae to form a cylxn-' 
dricnily shapeui body aaincf & mold (cwt shown) . Tho prcXiKiipary 
Eoolded incJiibt^Jt: waij diaposed in tx dxi^x at IZO^C for tw^ hours 
to dry it pxior to itn usEi in forming the insulating jneiobcr 3E>* 

Ap dc»ai::ribed above, tbe qovbi: wembci: 29 an4 tha hub 
poxrtion 2S arc ^joined by screvo threads. r{owe\'*er, the invention 
ia not liiTii-tiecS tliexBto as tlic cover mEittbax 29 mid tJhe bub por- 
tion 2r> can bu joined by ^-eldiricj, 

tn an alteinatc embodiment r the cap portion 27 of 
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1 thG: cDVcr roember 29 is divided inl:o four qiiaclxcin ha iMO of whic'o 
axe removeiir Thu flange^ portion 24 of. the first", tixbular .raeirib&r 
22 if: i:hou out iitiuh thdt thc reniaininrj £wart oC the IloaiKjw i^ortlOn 
24 Cftri fit through thc* two rti«n?vocl tjuadrnnte of: tha Ltiip portiun 
27 so that thc flange portion 24 can be lcczitc<3 yncler l:hc cap por- 
tiotl 27 the covei' iriKjnhEX- 2^. 

\ii Ih Uie inr.ulciUe:^? P^pt^ Doint cler^cribRcS aboya, a ten- 
sile foraa impctscd o/i tiic ctids of th6 joint is coiwf^rte^^ into a 
campreBBive force wivich acts between the cap portion 27 nnd 

to flftn^jo portion 24, thc coTtip.resslop pU^^ngth of tH^ insulating 

meiabGir 35 of tbt; typo dCGCXibGd is mch cfrcatcr than it? tensile 
strenyth and since tlie force por Unit area can bo fjui UaMy ^-cb 
by fidjustjj^9 thc e?(Uent of the $rea on which the compresaivE 
force:? arc applied^ Uie resulting apsemblj' is quite strong and 
able to \^ithiJfcapci higli t6a£iil6 forces imposed on the ends of the 

3\lgh towporaturefi, for inatanfrf? 300**C^ tht? beat 
TresjiEtAnt chfiractGjrijCtics of the inaulatiTicf membor are priweirily 
■ <ie termincd by the thi&rmal chArncteristin-s of thR gla^j? n;atcrial 
ao used ae V-he ^tartimj material . Piirti^alarlyf the trai^Bition 
tamperatiire of thi.5 \tiatorial intportant. If the txansltion 
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temperaU3T& 1.^, for instance, in a range of JiSO "^C to 600 /^C, 
R high mechanical sta'onfith F.or the overall assRinbiy will be 
pTeserved to a LeiDperature of at lea?t 3flO*C. 

Xith icjspect to the I'o^lstance to nicc3ianical impact 
5i ^orces> tli& mica powdDr whic3\ is u.^ed to lo rm the irisulatin^ 
mer?itfo^ is composed ci€ particles having a flat shape vhert^ia 
the ratio of tlie diajnetcr to the tbiclcness of n single scale 
portlclD i& ften&rftlly in a .range of 30 to SO:J. Due to thf? 
presence of the 5c^il« particlepT the molded insulating iriemboi* 

10 has a J.uztiinated form thcreb/ providing it with tx lilftlt elasticit/. 
This high e:iasticity would not "be present if the inyulHtltig 
memboi' were formed only of glass powders. V^nc to the lar^anated 
construction, t))e insulatin^j member provided with a much 
greater resistance to repeated temperature changes aitd ttiDchanical 

i5 impact fprcos then is n t^rlor art typii of insulHtlng inesnbeT made 
of an inorgiiTiic compowd, ITierefore, the insuiatiftg member 
produceiJ in accordance with the invention is suTf Sciiontly strong 
that it can withstand the t^'plcai ijnpact farces which iirc en- 
Louxitered during the use of the structiiTs. 

2 0 Next^ the cnpstruction of n preferred ejiiliodiraeTii; 

of an. electrode device of the invontlon utjliz^ing the abov©- 
dGucribed l-naul^tecl pipe joint 21 '/fill bo given vit?i reference 
to I'^ig. 3, Refsriince numerals 1 to 4 \35ed in Fig. 3 indicate 
similar cosiponents as those of Fig* 1. The righthand half of 

25 i^ig, 3 shows the coaspleted structure of the insulated i)lpe joint 
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21. As !5>iftwTi in the ^^g^3re, the j:n5.vl.atiug mexnb&r 2 includtiS 
+H'D iTisiiXatJftd pTT"^ joints 7.3, 03\e end of Iht insulating m<imbi!;r 
2 i5 conn&ct&a to the pipe 3 and ihe other to tho olcctrodu 
3. These connect ioiis may bp Jiiatlu hy woU-Kt^owt^ ts?i;hii-iLjut^^ ^?uch 
as wfjldin^ ox by t>te upe of 5cre^^ threads. 

A&r in accordance with the invention^ th& cotiipletetl 
3ni>ialKtDd pi Tie joint 21 ha^ a cpimnoTv throu^hViolf? 0^* cnn;>tant 
Internal dicameter^ the ^s^ewWy c^nd use th^reoT is q^aite 
roT instance, the provision of the above -tScscritetl partitions 
is C|UiU6 siniplB, -Di uftitrfie, tootg than tvci irtsitlnted pipo joant.'i 
21 can be provided as needed. Also, one oT the pipe joints 21 
can be tonnccted dirccLly to the- pipe i. 

Tf n&&ded, ^suirh in the tS3<J briTito hji;rinp n hi^h 
salt concentration is used^ the outer snrf^ace of the in^sulated 
pipe joiiit 21 can be covered vlth a coating 41 of an organic 
^ubstanco having a :?uf f icleutly high heat resistant property. 
Thi5 is- shown in the Icfthaiid part of PiR. 5. FoT example, tlie 
v^t^jiting 41 can be formed hy sTiTink fitting a "Tefloti " tube. 

Aji doiicribesd libovei, in flccotdaiice wi'th tho Inventl&n^ 
thD -fii-pes and tha oto£trt><3D5 arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of th^ insulat- 
ed pipe joints are converted into compression .I'orc^s vKich act 
between the cap portions and the flajige portions thereof. 5xnce 
the cortiiarcsAicti sjtrength of thti itisulAtlnft' jncitibcr is much greater 
than the tensile strength thereof, the overall electiode d&uice 
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Of the invention has h t^uito high TRe(r>iaT^ical. .'jtrBUPhh and can 
with^t^nd high prfissure^ and strong is^echajiical impact forces 
50 that it can be used under sdv^^tc gpciatuig condn'tions often 
encountered in oil well application. 
S Yfrt furthcT> the coating 41 and the insulating members 

2 and 12. of the electrode can be formed fvQTn, qtiior Tnatorials. 
To determine what materials are be5t for these members, tests 
were coniJucted to ijivestigate tlie resistance ol^ various organic 
polymeric compoucids to hot vatei* and water vapoi at high t^KipoTEttiire 
10 and under high prGssure. The compounds lAvestis^ted ar& listed itx 
T^blQ 1 herein^ 

R^jarding the testa , i^^t pi^jcQs of each of the materials 
i^ere placed in quartz test tubes filled with pure water. These 
test tubo$ were placed in a 2 -liter autoclave containing pare 
15 Kater. The autoclave hold at 2ftO*C at an internal presisuto 
t>t 6S kg/cifi^ for a period of 10 days. Thi* autoclavo was then 
cooled to a room toniperatare and the tes-t pieces vexe chcclced for 
appearance. The results; ^re prfisented in Table 2 froia which it 
Citn he seen that hot v/ater and steam hcid a much more adversei iiff Dct 
thaTi dxy heat. Of the materials tested* only pol/tetraf luoroetb^'lene 
resin (ind diphen/l oxide resin ware acceptafcle. 

A coating of Tcater. and sta^m xeilstant resin can be 
foxmcd tLiouiid the pipe 1 by xopcatfrdly applying cotitinj^s of the 
roat^rxal ^nd bakia^f the a^^embl.y until the desired tHitkness is 
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obtained. A] so, a coAting of the huai resistant r^i.sn can be 
fomed by i-irst pretax ih^, a tube ol tht> refill 'jiaving an ins i tie 
diameter ^li^hlly larg&T than the OUtslH^ diam-eter oi: tho pipe 
l:.and th&ii slipping the tube over the pipe 1, If the resin 

5 is in th<^ form of a shgot or tape^ it my be wound directly around 
the pipe 1 &iid thfra fiisior-houdod if necessai^y. As dtjstiribed 
above ^ a hecit-ishrirtlcable tubs af polytetraf luoroethyl!>rie can 
bti slipped ov&r the: pipe 1 and hDEtted to fit it tightly to the pipe, 
Aa discussed above, vf^Qxi the asseiirbiy incluJing the 

10 electrode is inserted into the oil well, there is uiiivoiolablo 
contact .with th& inner wall the v;ell so tliat tbo heat 
resistant iasulating coiitiiifi may be damaged - To pravcnt this, 
protect! VE cutting of insulation 16 wtay be formed arauiid the 
insuljLtioti IS as shown in Fig. 5. Since the protective cGiLting 

IS of insulation 16 ma/ melt or coUapse if the electrode is 

exposed to hi^th tempera tares, it tan be made of an inexpensive 
Tnatevial such as polyethylene, polypropylene or polyvinyl chlmide, 

Typicfttl/> the total length of the guide pipe 1 is 
200 to 500 m. fSoi^iiv'fiT, a single sectiori of tHcj steel pipe that 

2D makes up the fuide pipe 1 is only about 10 m Id longth, Vo Join 
th(3 pipe sections, each pip& aoction is providtid Vfith a taper 
threitd 071 one end and the pipe sections are jaitied by sicrewing • 
theja togothftr. An insuXjitin^j coating must also be formed around 
the joined parts of the pipe jjoctions and ov. the surface of the 

25 coupling. To accomplish this, as shown in Fig, 6, steel pipe5 
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li\ axid IB are crjvored \?ith the coAtJag of heat Ty^istant inisul.eit- 
ing mateiial l^h and 15H and arc jf>Sn*^0 by a couplin*; i'/. A 
coating of heat T^-sistant: insjulation 15C i?> fonn&d arovncl the 
coupling er.ttsncling iuto ddjacent area.s, a heaL-sKri,Ti)table tube 
S of a t^DlytetraflaDroethyl^ne is p.^Tticular3y suitable in thi.^ 
i;a$9. 

To protect tha iiisulatirig coatinfis from d3.T^t;t contact 
ifith the inner va2l of the uell* stD&l pipe sections lA and IB 
covered with the coating of hu^t r&sistajit inHulatljig material 
ISA and ISB ^nd protectlt^D c-oaT.injjs of in<;a1.iition 16j\ and i6K 
are first joined thrbugh the coupling 17, Tbereiif tex > tht coupling 
16 is c^at^d the heat resistant in^Lil.&tion 15C and thon a . 

layw of 16C if formed around the cotipling ami iji the adjacent 
areas as sham in Fig. 7. 
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lA aijd 11^ are c-ijv&red vith the coAtiug of heat resistant insulnt- 
ijig matezial 15A and I5B and arc jo.iTi(^\] by a co^iplin^ 17. A 
coatir^g of heat r^isisrant: insulation 15C i.s fonned jiTDunc? the 
coupling e^tEjiding iisto adjacent area.s. A heaL-sKrinkable tube 
of a pjDlytetr^ifluDrDathylfrjxe is paTtzcuiar3y suital?le ixi thU 

To protdct thc3 iT35ulatirig t:ostin£s from direct cojitacc 
vith the iiiiier vaU gf the v/ell, stDDl pipe section:, lA ana IB 
covered with the coating bf hc;at resistant iusulatln£ material ■ 
ISA and ISB ^nd protective cioBT.ings of insulation 16A and i6E 
are first joined through the coupling 17. Thereafter, the cD^2pU^^g 
16 is coat^id ^ith the h^at resistant insulation 15C and then a 
layer of 16C i£ £Dr3ii9<l around the coapl.in^ and In the adjauDnt 
areas as 5hu(/a in fig, 7, 
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Table 2 



Sampl e A ppearance 

A OK. 

C Po, 

EI OK. 

B2 Do. 

F ' ' Do* 

G ' Ttirned Into a lump. 

H Glass whitened 

(Resin cfimo ap^Tt") 

I Dp, 

J Do. 



^^n eUctrode device for electrlca.U/ heating unJer- 
ground deposits of Jiyilrocarboiis comprising: a plurality of kljII 
pi]pfi secclorts; ait ctectroJe adapted U-t ho disp[)si;d in an under- 
ground dcpD&it of hj'drocarKon-^ f.QX .s\i2>pXyii\5 el^cT-ric curr&iit 
5 to 5iiid tindergrovnd <lepo&lt^ a plurality o£ insulated pipe joints 
eacli including a first tubular member IiiivJnjj a flaiiiif portion 
at ono end thereof ^ a ^^ccond tubiJlar meTnh^i ^ftving a r.jip poition 
at (iTic tjnd thereof adapted to be received in 55 id llange portioi^ 
of said first tubular iTicmbci' ufith a ^a)^ thtimbctweon, a-nd aj) 
10 insulatin^t (iitmbcr diape^Jcd in said gap betwestl Jsaid flangF/pOT- 
tlDn and isaid c^p portion for hermetlcfilly coupling said i'lrst 
aiid '^otond tu^uleiT momber and for electrically insulating said 
first and second tubular members from one artotJier, said insulated 
pipe jDintjs being operativcly disposed to couple at loast some 
i>£ said pipe sections and said electrode v/hile elettrically 
iiisulaLing said ot least some of s^id pipe section^ and said 
electroJe- and s cable connected to said electrode for supplying 
an electric current to said electrode. 

2. rhe electrode device as scL forth in claim 1 wherein 
at least some of said insulated pipe joints are intercocinectiid, 

3. the electrode device as set forLh in claim 1 h^berein 
$a7.d i.TiK\jiating m[?inbet of ©ach .of said insulated pip?v joints 
comprises a first insulating portion disposed in said ^ap betv?een 
said f.laxigft portion and 5 aid cap portion, and second in^ulati-Ttg 
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portions di5i>05ed ad/acent innor and t>utcr surfttiies of said 
tubular jneiaibfers^ said first and second insulaLiug portions 
boisifi fonue(3 inteArally with each other. 

4. 'lliu el&ctrode devxco as set forth in clai:o 1 iflierei-n 

5 s&id iiii^iilating niiijnbcsr- gf cntch Df SAid insulated pip& joints 
is m^d^ oT & glfi^^-mic-n Jiio-ldin^ forjfied frcim glass ftr<d micm 
poiv^dcrs ^ 

Tho electrode device as 3Ct forth in claiiii 1 further 
comprising an an-^uT-Ating coating profiled op at. least a portion 
10 of an outer surface oT said insulated pip^ joints. 

6, The electrode doyico ks set forth in claim S. wherein 
said in^ulsiting coating is: polytetTanuorDctbj^l£>ne , 

7. The ele^ctrode d&vic^ as s^t forth iti claiJtt 6 wb&ryin 
SHld insulating coatitig comprises a resin of thermal shrinkable 

15 po ly t & t r a f: luor o e t hy 1 e ne . 

R, The electrode dtivice a5 set forth in claim 5 v^hftxiiin 

s&id insulating cDjtting comprises a rC5in of dipbsnyl o:cide. 
9, ii^e electrode dsvine as set forth in any of ciaams 5-7 

fuT-ther comprising a pTate drive layer of insulation .upon ' "' 

20 least a portion of said insulatine coatings 

XO. the Dicctrode deyico as set forth in any of claims ^-7 

faxthev comprising a piotectiva layer of in!;uUtion upon at 
least a portion of i^aid insulating coating, *aid layer of 
protettlve insixldtlon comprising a materia] selected from the 
group consistijig of polyetliylene> polyprofiyl^a and polyvin/i dilorid^. 
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11. m citit:i.ri>cle (iovir-r. t'-or olci0tr?.cftn.y bfiatiuW ujicIlt- 

yroiuid aepf>B.i,tr- liydrocorbDOB cOiapxlciYng a pluiality of iMte^r;- 
connoctocl w«n pipft BficLxonB, c^n L-.lor..trodP- ^vdapt^d to bo tSiBpoEed 
in ftii ui-wSercjKourwi c^epnait of hydrooarbona siiyB>lying electric 
cuiifrflt to said under fjroui>d deposit, at .least one ijisulatcd pipe 
joint includiiKj (I first tubular )iie)(ib£.r comprised of a well pipe 
section Mviiig a flax>.jO portioi. at one C^ild tTipreof, second tubu- 
lar laember cOmt^i iJiod said electrode a>.:spoiied ±n LillgntUDilt 
with sflid iirfct tubular Tnp.i.iber, a cOvtr !«C*ul>?r carried by jaW 
Eftcond tubulwjc niQiiib£»r havinci a cap portion at one end ttiflroo.t 
dip-poBed in ovEjMyin^J rolation to said flange .portion above said 
firgt tubiilai :comb&r wtth a gap therebetween, ^r. injsulatiag member 
aiepusefl in «aid gap bet^f'-en eaid flim<}0 porldon and O&M cap 
portion for hermcticftlly coupling said first and sP.oOnd tubular 
inemtoex ny,6 for electrically itiBulatlng said first and socona 
tubular memfaBrs from one another, cftble nieane oonnacted to said 
oleotjcodc. for t'upplying ^i^ctric current to ^iald ^loctrode ai,d 
an 3.nBulating coating provided on at least an outeir surface of 
yaid .tjtieu.lating pipe ^oinb. 




